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Dual patches offer wider bandwidth for wireless applications 
in the 2.4 GHz ISM band 
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This paper investigates the design, 
measurement and characteristics 
of a probe-fed dual patch equilat- 
eral triangular antenna. A lossless foam 
material is sandwiched between the two 
patches to provide a mechanically stable 
and uniform height. It is shown that the 
separation height between the two 
patches plays a significant role in 
improving the impedance bandwidth of 
the antenna. A bandwidth of 13.2 per- 
cent is measured around a center fre- 
quency of 2.50 GHz. Measurements on 
gain and polar patterns are also pre- 
sented. This antenna could find useful 
applications in the industrial, scientific a Figure 1. Layout of the stacked triangular patch antenna, 
and medical (ISM) frequency bands. 

During the last two decades, a con- 
siderable number of papers have been published 
on the performance and applications of 
microstrip patch antennas [1-4]. Various patch 
configurations such as annular-ring, disk, rec- 
tangular and triangular have been investigated. 
These patch antennas possess many desirable 
features, such as low profile, light weight, low 
cost, direct integrability with microwave circuit- 
ry and the ability to conform to the surface of a 
host object. Such features make microstrip 
patch antennas useful for many applications in 
radar and wireless communication systems. 

However, one of the principal limitations of 
such antennas is their very narrow bandwidth, 
which is on the order of a few percent. Many 
bandwidth enhancement techniques have been 
suggested and implemented in recent years, and 
one such technique is stacking patches either 
horizontally or vertically [5-7]. In this paper, we 
present an experimental investigation on broad- 
banding the impedance bandwidth of a vertical- 
ly stacked equilateral triangular patch antenna. 




The equilateral triangular patch configuration 
is chosen because it has the advantage of occu- 
pying less metalized area on the substrate than 
other existing configurations. 

A lossless foam material is used to control the 
distance between the two patches and to provide 
a mechanically stable height separation. In 
practice, it was found that the height separation 
plays a significant role in achieving the opti- 
mum impedance bandwidth of the antenna. The 
described antenna has an impedance bandwidth 
of 13.2 percent with the two ends of the fre- 
quency band being at 2.43 GHz and 2.76 GHz 
respectively. Measurements of antenna gain and 
radiation patterns are also presented. 

Antenna design procedure 

Figure 1 shows the configuration of the 
stacked triangular patch antenna that was con- 
sidered in this paper. The design procedure 
starts with the determination of the sidelength 
of the driven patch using the resonant frequen- 
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cy formula. Several papers [8-13, 15] on the resonant 
frequencies of equilateral triangular patch antenna have 
been published. All of these papers agree on the basic 
equation for the resonant frequency given by 

fm,n,i = n ^ ylm +mn + n (1) 
3a^£ r 

where m, n and I are the mode integers due to the elec- 
tric and magnetic boundary conditions, c is the speed of 
light in free space, £ is the dielectric constant and a is 
the sidelength of the equilateral triangle. 

However, several methods for correcting the side- 
length due to the effect of the fringing fields have been 
discussed by various authors. The simplest correction 
was given by Dahele and Lee [8]: 




■ Figure 2. Return loss vs. frequency. 
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where a e ^ is the effective sidelength, h is the substrate 
thickness and a is the actual sidelength of the equilater- 
al triangle. 

Dahele and Lee also reported that, when a e ffis used to 
replace the value of a in Equation (1), this correction 
would give a 2 percent error on the calculated resonant 
frequency. Gang [9] proposed another version of a e ff 
which keeps the same expression as that given in 
Equation (2) but uses the effective dielectric constant 
given by the following formula: 



(3) 
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where a eq is the equivalent radius and S is the actual 
area of the equilateral triangle. 

It was accepted that the effective radius of the disk 
takes into account the fringing effect is given by 
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where a e ^ disk is the effective radius of the disk and a r is 
the actual radius of the disk. 

Substituting a eq into equation (7) gives 



where 
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For thin substrates — that is, for small h/a — the 
accuracy of Equation (2) with e r replaced by is not 
much better than that of Dahele and Lee [8] because 
is approximately equal to e r . 

Garg and Long [10] put forward the idea that the 
fringing fields for an equilateral triangular microstrip 
patch can be considered equal to that of a disk having 
the same metalized area. The equivalent radius of the 
disk is given by 
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Garg and Long [10] also suggested that the effective 
sidelength calculated from Equation (8) should be used 
to replace the value of a in Equation (1) while keeping £ r 
constant. Suzuki and Chiba [11] put forward a formula 
that took into account the effect of fringing field for an 
arbitrary shape patch. Based on this formula, Singh, De 
and Yadava [12] proposed that the effective sidelength 
be given by 



l eff2 



f a eff^ 



(9) 



where a eq and a e m are calculated using equations (6) 
and (8) respectively. Another formulation for the effec- 
tive sidelength was given by Kumprasert and Kiranon 
[13], which was derived from an expression for the 
capacitance of a disk patch antenna given by Chew and 
Kong [14]. The formula for a e ffis given by 
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a eff 3 = a 
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2h 



7te r a eq 



ln^] + (1.41 £r+ 1.77) 
+ -(0.268£ r +1.65) 



(10) 



Also, a paper was published by Guney [15], who pro- 
posed another expression for the effective sidelength. In 
that paper he used the term e^, given by Equation (3), 
and a formula for a e ^ given by 



0.6 0.38 



l eff4 



= a + - 
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(11) 



In the present investigation, the formula given by 
Kumprasert and Kiranon [13] is used because the corre- 
lation achieved between the theoretical and experimen- 
tal values of the resonant frequency is the most accu- 
rate. The sidelength of the equilateral triangle was cal- 
culated to be L= 52.1 mm at the designed resonant fre- 
quency of 2.50 GHz. The lower and upper patches have 
similar dimensions and were constructed using 
RT/Duroid 5880 substrates with height h = 1.59 mm 
and dielectric constant e r = 2.2. The lower patch was 
probe-fed and the position of the feed point was chosen 
on the median line and located at a distance of one-third 
of the length down from the apex. This location of the 
feed point was deliberately chosen to obtain a strong 
mismatch between the input impedance of the isolated 
driven lower patch and the coaxial cable feeding it. The 
upper patch was electromagnetically coupled to the 
lower patch. The former is used to tune out the imped- 
ance mismatch over a wider frequency range by altering 
the height separation between the two patches. The lay- 
out of the stacked equilateral triangular microstrip 
antenna is shown in Figure 1. 

Measurements 

Initial measurements carried out on the isolated dri- 
ven patch, using a Wiltron Network Analyser System, 
showed that the return loss was -2.88 dB at a resonant 
frequency of 2.523 GHz. The discrepancy between the 
design and measured frequencies is less than 1 percent. 
Figure 2 illustrates the dependence of the return loss on 
the frequency for various values of height separation 
between the two patches. It is evident from Figure 2 
that, for the isolated driven lower patch, the value of the 
return loss obtained is a measure of the existing strong 
mismatch between the 50 £1 feeding cable and the input 
impedance of the patch. An optimum impedance band- 
width of 330 MHz was measured for S = 6.4 mm with 
the two ends of the frequency band being at 2.43 GHz 
and 2.76 GHz respectively. 

The antenna gain and polar patterns were measured 
at these frequencies using the set-up shown in Figure 3. 
In the antenna gain measurement, the Friis transmis- 
sion formula and a standard Yagi antenna were used in 
the following experimental procedures. First, the total 
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Antenna gain and polar pattern measurement 



power radiated from the transmitting antenna P t must 
be established and kept constant. Then, readings for the 
power received P r by the second antenna are taken, at 
various separations R between the two antennas as 
shown in Figure 3. The Friis transmission formula has 
the form y = m(x) when R 2 and the ratio P t /P r are made 
the variables. The relationship is as follows 



R 2 = 



A 

An 



G t G r 



P, 



(12) 



Frequency 


Wavelength 


Spacing 


Reflector Length 


Driver Length 


Director length 


1 


30.00 


7.50 


14.31 


13.53 


13.26 


1.1 


27.27 


6.82 


13.01 


12.30 


12.05 


1.2 


25.00 


6.25 


11.93 


11.28 


11.05 


1.3 


23.08 


5.77 


11.01 


10.41 


10.20 


1.4 


21.43 


5.36 


10.22 


9.66 


9.47 


1.5 


20.00 


5.00 


9.54 


9.02 


8.84 


1.6 


18.75 


4.69 


8.94 


8.46 


8.29 


1.7 


17.65 


4.41 


8.42 


7.96 


7.80 


1.8 


16.67 


4.17 


7.95 


7.52 


7.37 


1.9 


15.79 


3.95 


7.53 


7.12 


6.98 


2 


15.00 


3.75 


7.16 


6.77 


6.63 


2.1 


14.29 


3.57 


6.81 


6.44 


6.31 


2.2 


13.64 


3.41 


6.50 


6.15 


6.03 


2.3 


13.04 


3,26 


6.22 


5.88 


5.77 


2.4 


12.50 


3.13 


5.96 


5.64 


5.53 


2.5 


12.00 


3.00 


5.72 


5.41 


5.30 


2.6 


11.54 


2.88 


5.50 


5.20 


5.10 


2.7 


11.11 


2.78 


5.30 


5.01 


4.91 


2.8 


10.71 


2.68 


5.11 


4.83 


4.74 


2.9 


10.34 


2.59 


4.93 


4.67 


4.57 


3 


10.00 


2.50 


4.77 


4.51 


4.42 


3.1 


9.68 


2.42 


4.62 


4.36 


4.28 


3.2 


9.38 


2.34 


4.47 


4.23 


4.14 


3.3 


9.09 


2.27 


4.34 


4.10 


4.02 


3.4 


8.82 


2.21 


4.21 


3.98 


3.90 


3.5 


8.57 


2.14 


4.09 


3.87 


3.79 


3.6 


8.33 


2.08 


3.98 


3.76 


3.68 


3.7 


8.11 


2.03 


3.87 


3.66 


3.58 


3.8 


7.89 


1.97 


3.77 


3.56 


3.49 


3.9 


7.69 


1.92 


3.67 


3.47 


3.40 


4 


7.50 


1.88 


3.58 


3.38 


3.32 


4.1 


7.32 


1.83 


3.49 


3.30 


3.23 


4.2 


7.14 


1.79 


3.41 


3.22 


3.16 


4.3 


6.98 


1.74 


3.33 


3.15 


3.08 


4.4 


6.82 


1.70 


3.25 


3.08 


3.01 


4.5 


6.67 


1.67 


3.18 


3.01 


2.95 



I Table 1. Physical dimensions of the Yagi antenna, with fre- 
quency given in GHz and dimensions in centimeters. 
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The plot of R 2 on the y-axis 
against P t /P r on the x-axis gives a 
straight line with slope equal to 



Since one of the antennas is a 
standard Yagi antenna, whose gain 
(i.e., either G t or G r ) is known, the 
gain for the equilateral triangular 
patch antenna can be readily calcu- 
lated. The five element standard 
Yagi antenna was designed using the 
method of moments, and the dimen- 
sions at various frequencies are 
given in Table 1. The same experi- 
mental procedures were used to 
measure and calibrate the gain of a 
pair of similar standard Yagi anten- 
nas. 

In the present investigation, it 
was found that the antenna gain at 
2.43 GHz and 2.76 GHz was 8.7 and 
8.8 dB respectively. The E- and H- 
plane radiation patterns were also 
measured these frequencies (i.e. at 
the two ends of the frequency band). 
These are illustrated in Figure 4. 
The corresponding half-power beam- 
widths are: 

2.43 GHz: E-plane = 66 degrees 
H-plane = 83 degrees 

2.76 GHz: E-plane = 66 degrees 
H-plane = 82 degrees 

It is evident that there is no sig- 
nificant change in the polar pattern 
at these frequencies. 

Conclusions 

A vertically stacked, probe-fed 
equilateral triangular microstrip 
antenna having a wide impedance 
bandwidth has been investigated 
experimentally. The experimental 
technique employed in this design 
was to locate the position of the 
input feeding probe on the median 
line of the lower patch in such a way 
as to produce a strong mismatch 
between the feeding probe and the 
input impedance of the lower patch. 
The upper patch was then used to 
tune out the impedance mismatch 
over a wide frequency range by vary- 
ing the height separation between 



the two patches. An optimum imped- 
ance bandwidth of 13.2 percent is 
achieved centered around a frequen- 
cy of 2.50 GHz. ■ 
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Figure 4. Radiation patterns at the two ends of the frequency band. 



ennas," IEE Electromagnetic Waves, 
Series 28 (London: Peter Peregrinus), 
1989. 

4. Zucher, J.-E, and Gardiol, F. E., 
Broadband Patch Antennas, Artech 
House, 1995. 

5. Dahele, J. S., Tung, S. H., and 
Lee, K.E, "Normal and Inverted 
Configurations of The Broadband 
Electromagnetically Coupled Micro- 
strip Antennas" IEEE APS Int. 
Symp. Digest, 1986, pp 841-844. 

6. Smith, H. K., and Mayes, P E., 
"Stacking Resonators to Increase the 
Bandwidth of Low Profile Antennas," 
IEEE Trans. Antennas and Propaga- 
tion, 1987, Vol. AP-35, pp 1473-1476. 

7. Al-Charchafchi, S. H., and 
Loukrezis, E, "Electromagnetically 
Coupled Stacked Patch Antenna," 
Microwave J., June 1995, Vol. 38, No 
6, pp 76-79. 

8. Dahele, J. S., and Lee, K. F,. "On 
the Resonant Frequencies of the 
Triangular Patch Antenna," IEEE 
Trans. Antennas and Propagation, 



66 



Applied Microwave & Wireless 



Patch Antenna 



1987, Vol. AP-35, No. 1, pp 100-101. 

9. Gang, X., "On the Resonant 
Frequencies of Microstrip 
Antennas," ibid., 1989, Vol. AP-27, 
No. 2, pp 245-247. 

10. Garg, R., and Long, S. A., "An 
Improved Formula for the Resonant 
Frequencies of the Triangular 
Microstrip Patch Antenna," ibid., 

1988, Vol. AP-36, No. 4, p 570. 

11. Suzuki, Y, and Chiba, T., 
"Computer Analysis Method for 
Arbitrarily Shaped Microstrip 
Antenna with Multiterminals," 
ibid., 1984, Vol. AP-32, No. 6, pp 585- 
590. 

12. Singh, R., De, A. and Yadava, 
R.S., "Comments on an improved 
formula for the resonant frequency 
of the triangular microstrip patch 
antenna," ibid., 1991, Vol. AP-39, 
No. 9, pp 1443-1444. 

13. Kumprasert, N., and Kiranon, 
W., "Simple and Accurate Formula 
for the Resonant Frequency of the 
Equilateral Triangular Microstrip 
Patch Antenna," ibid., 1994, Vol. AP- 
42, No. 8, pp 1178-1179. 

14. Chew, W. C, and Kong, J. A, 
"Effects of Fringing Fields on the 
Capacitance of Circular Microstrip 
Disk," IEEE Trans. On Microwave 
Theory and Technique, 1980, Vol. 



MTT-28, No. 2, pp 98-103. 

15. Guney, K., "On the Resonant 
Frequencies of Microstrip Ant- 
ennas," IEEE Trans. Antennas and 
Propagation, 1994, Vol.-42, No. 9, pp 
1363-1365. 

Author information 

Dr. S. H. Al-Charchafchi is a 
Senior Lecturer at Cranfield 
University College of Aeronautics, 



Cranfield, Bedfordshire MK43 0AL, 
England, UK. he can be reached by 
telephone at: +44 (0) 1234 750083; 
by fax at: +44 (0) 1234 750111 ext. 
5050, or by e-mail at: S.H.A1- 
Charchafchi@cranfield.ac.uk. 

W .K. Wan Ali, M. R. Ibrahim and 
S. R. Barnes are members of the 
research team in the Systems Design 
Group at the above institution. They 
may be reached at the address above. 



Applied Microwave & 
Wireless is a great place 
to have your work pub- 
lished! We have an active 
engineering readership 
who appreciate worth- 
while contributions of 
timely and useful infor- 
mation. 

Just send a short descrip- 
tion of the article you 
would like us to consider. 
Send it to the address, 
fax or e-mail address 
given on page 8. 



March 1998 



